with Evans blue in the cell viability assay depends upon exclusion of the dye from living cells at plasma membrane, whereas the dye passes through the damaged membrane of dead cells and accumulates intracellularly as a blue protoplasmic stain (Turner and Novacky, 1974) . In the triphenyltetrazolium chloride (TTC) assay the cells having active mitochondria were able to reduce TTC to insoluble red-colored triphenyl formazan (TF), indicating increased activity of the mitochondrial respiratory chain (Vargas et al., 2006) . The cells of multicellular organisms can die by either of the two major mechanisms: accidental death or programmed cell death (PCD), also referred to as necrosis or apoptosis, respectively. Morphological hallmarks ascribed to PCD include mainly cytoplasm shrinkage, membrane blebbing, and chromatin condensation (Wyllie et al., 1980) .
Higher plants are currently recognized as excellent bioindicators of cytotoxic, genotoxic, and mutagenic effects of environments contaminated by toxic substances (Grant, 1994; Yi and Meng, 2003) . However, this feature is due to the possibility of assessing several genetic endpoints that range from point mutation to chromosomal aberrations in cells (Khanna and Sharma, 2013) . The species Allium cepa has been used as an efficient standard organism to run genetic tests for cytoxicity, especially cytogenetic and chromosome aberration tests (Leme et al., 2008; Leme and Marin-Morales, 2009 ).
Materials and methods

Collection of test materials
The synthetic food colorants, namely lemon yellow containing tartrazine (CAS No. 1934-21-0) and orange red containing both carmoisine and sunset yellow (CAS No. 2783-94-0) , were purchased in pure form from the local market. Certified bulbs of A. cepa were purchased from an agricultural vendor and were stored in dry and well-aerated conditions. Poorly preserved bulbs, moldy ones, and those that had started shooting green leaves were all discarded. Evans blue and TTC were purchased in pure form from the HiMedia chemical laboratory.
Preparation of test solution and control for cytotoxicity assay
To make the stock solution, 1 g of both colorants was weighed and dissolved in 100 mL of distilled water. The lowest concentrations of the dye solutions, i.e. 0.005%, 0.01%, 0.05%, 0.1% (LX 1 , LX 2 , LX 3 , LX 4 and OX 1 , OX 2 , OX 3 , OX 4 ) were chosen after preliminary analysis and prepared for toxicity analysis by diluting the stock solution with distilled water .
Distilled water and an organophosphorus pesticide, methyl parathion (0.01%), were taken as the negative control (NC) and the positive control (PC), respectively.
The parameters studied included mitotic index and percentage of abnormal cells induced.
Evaluation of cytotoxicity
Uniformly sized bulbs of A. cepa were sorted and planted in sterilized sandy soil without manure to prevent cellular alterations. Germinated bulbs with healthy roots (1-2 cm) were collected at the peak mitotic period (0900-1000), washed in distilled water, and kept in different concentrations of the test solutions. Root tips cut from the samples at different time intervals of 30 min, 1 h, 2 h, and 3 h were washed in distilled water and immediately fixed in modified Carnoy's fluid for 1 h. Mitotic squash preparation was done with the help of improved techniques (Sharma and Sharma, 1990) . Hydrolysis with 1 N HCl and staining with 2% acetocarmine was carried out. Mitotic index and abnormality percentage were calculated by counting the normal mitotic cells and aberrant cells, respectively, out of the total cells scored. All the slides were scanned and tabulated and photomicrographs were taken with an AmScope MU Series digital camera attached to a Magnus microscope.
Evaluation of root growth inhibition
The synthetic food dyes, lemon yellow and orange red, were dissolved in distilled water and different concentrations were made as described above. Young and healthy bulbs of Allium cepa having uniform size were selected and rooting was initiated in small containers with different concentrations of dye solutions. Sprouted roots were treated with dye solutions for 24, 48, and 72 h for each concentration. The experiments were done in triplicate. The test samples were changed every 24 h with fresh test samples. After the completion of the exposure period (24, 48, and 72 h) the roots were cut from the base with a sharp razor blade, the number of roots were counted, and root lengths were measured for each bulb with a meter rule and used as an index of general toxicity. The parameters studied included inhibition of root growth [mean root length (MRL) and mean root number (MRN)].
Onion bulbs allowed to germinate in distilled water and methyl parathion (0.01%) for 24, 48, and 72 h were used as negative control (NC) and positive control (PC), respectively. 2.5. Evaluation of apoptotic activity using Evans blue staining The loss of cell viability was studied using the Evans blue staining method. The germinated bulbs were initially treated with four concentrations (same as mentioned previously) of both food colorants for 24 h. The root tips treated with distilled water and methyl parathion (0.01%) for 24 h was used as negative and positive control, respectively. Control and treated roots were then stained with 0.25% (w/v) aqueous solution of Evans blue for 15 min and subsequently washed with distilled water for 30 min. The roots were then macro-imaged for a qualitative estimation of cell death. For a quantitative estimation, 10 root tips of equal length were excised and soaked with 3 mL of N,N-dimethylformamide for 1 h at room temperature. The absorbance of Evans blue released was measured at 600 nm. 2.6. Evaluation of metabolic activity using TTC staining Following exposure to the treatment and control as mentioned above, 10 root tips were excised and immersed in 0.5% 2,3,5-triphenyl tetrazolium chloride (TTC) and kept at 35 ± 1 °C for 15 min in the dark. Subsequently, the root tips were rinsed with distilled water and imaged. In addition, the colored complex TF was extracted from roots in 95% ethanol and the absorbance was read at 490 nm.
Statistical analysis
Data obtained after all the analyses were subjected to statistical analysis. Duncan's multiple range tests and one-way ANOVA were performed to determine mean separation and significance of treatments using SPSS 20 (SPSS Inc., Chicago, IL, USA).
Results
The present results show that both colorants induce apoptotic mediated cytotoxicity, DNA damage, membrane damage, and reduced mitochondrial activity in root cells of A. cepa in a dose-dependent manner, indicating their severe toxicity. Cytological analysis of cells treated with different concentrations of lemon yellow and orange red dye solutions showed that cell division was inhibited, as confirmed by mitotic index values, which were lower than those of the negative control (97.07 ± 0.01). A significant reduction in mitotic index was observed mainly at higher concentrations (LX 4 and OX 4 ) during higher treatment period (3 h) of both dye solutions, of which orange red recorded a more severe reduction in mitotic index than lemon yellow. In lemon yellow treatments, mitotic index reached 79.76 ± 0.01 at the highest concentration (LX 4 ) after treatment for 3 h and it reached 83.86 ± 0.01 at the lowest concentration (LX 1 ) after treatment for 30 min (Table 1 ). In orange red treatments, mitotic index reached 77.60 ± 0.01 at the highest concentration (OX 4 ) after treatment for 3 h and it reached 80.64 ± 0.02 at the lowest concentration (OX 1 ) after treatment for 30 min ( Table 1) . The decrease in the mitotic index was positively correlated with increasing concentration of the dye solutions.
The cytogenetic assay done using two synthetic food colorants also revealed that both possess significant clastogenic and nonclastogenic activity when compared to the negative control (Table 1 ). The observed clastogenic and nonclastogenic aberrations are well represented in Figures 1-4 . The dye solutions exhibited high levels of nonclastogenicity, of which orange red possess more nonclastogenicity than lemon yellow. The major nonclastogenic or physiological abnormalities observed included binucleate cells, tetranucleate cells, micronucleus, ball metaphase, ball anaphase, hypoploid cells, polyploid cells, cytostasis, pole to pole arrangement of chromosomes, vagrant chromosomes, stellate arrangement of chromosomes, scattering of chromosomes, somatic pairing, tropokinesis, chromosome clumping, aberrant grouping at anaphase, diagonal anaphase, laggard formation, displaced chromosomes, early cell plate formation, equatorial separation of chromosomes, stathmo-anaphase, unequal separation of chromosomes, shift in MTOC, diagonal cell plate formation, and macroand microcell formation. The clastogenic abnormalities observed were giant cells, chromatin extrusion, nuclear budding, nuclear lesion, nuclear erosion, nuclear peaks, chromatin fragmentation, giant nucleus, chromosome bridges, chromosome coagulation, ring chromosome, exposure of chromosome scaffold, chromosome pulverization, and chromosome stickiness. Some rare abnormalities like unipolar anaphase, chromosome rosette, hyperchromasia, nuclear emergence, chromosome gaps, and C-anaphase could also be observed.
High levels of chromosomal abnormalities (P < 0.001) with increasing concentration and time duration were found [LX 4 -3 h (52.60 ± 0.09), OX 4 -3 h (60.19 ± 0.08)], indicating the toxic effects of both dye solutions. The treatments with orange red synthetic food colorant showed extremely significant chromosome abnormality when compared to the control and the lemon yellow dye solution. Thus it may be noted that the clastogenic and nonclastogenic activity observed was mainly due to the effect of toxic chemicals present in both dye solutions.
The mean root length and root number of Allium cepa grown in the food colorant solutions are shown in Table 2 . Significant root growth retardation and root number reduction were observed in both of the tested dye solutions, when compared to negative the control [LX 4 -72 h (MRL -1.6 ± 0.03, MRN -7 ± 0.88), OX 4 -72 h (MRL -0.20 ± 0.05, MRN -6 ± 0.57), PC -72 h (MRL -0.40 ± 0.10, MRN -5 ± 0.33), NC -72 h (MRL -2.40 ± 0.05, MRN -25 ± 0.66)]. The treatment with orange red dye solution on root tips of A. cepa showed a slight reduction in root length at higher concentration (OX 4 ) of 24, 48, and 72 h than the positive control. In comparison, it was observed that the retardation of root growth and root number was much more severe in orange red food colorant solution than in lemon yellow.
The Evans blue assay revealed that both food colorants have a negative effect on cell viability and induce significant cell death in a dose-dependent manner ( Figure 5A ). In treatments, the apoptotic potential of both food colorants was found to be dose-dependent, since maximum cell death of lemon yellow (0.45 ± 0.05) and orange red (0.58 ± 0.03) was observed after 0.1% treatment. Severe apoptotic activity was observed after treatment with the positive control (0.78 ± 0.04), whereas no cell death was observed with the negative control. The roots exposed to different concentrations of both colorants and the positive control showed a dose-dependent uptake of blue dye compared to negative control roots ( Figure 5A ), indicating the presence of apoptosis-inducing chemicals in both synthetic colorants.
The effect of the synthetic food colorants lemon yellow and orange red in mitochondrial function tested by TTC staining technique resulted in significant decreases in mitochondrial activity in treated A. cepa root meristematic cells. The inhibition of mitochondrial/metabolic activity was found to be maximum in the positive control (0.001 ± 0.00); hence it remained unstained. Dose-dependent inhibition was observed in the treatment group, since it shows a dose-dependent decrease in stainability ( Figure  5B ). In treatment the least mitochondrial activity for lemon yellow (0.008 ± 0.00) and orange red (0.004 ± 0.00) was observed at the highest concentration (0.1%). The negative control having active mitochondria got stained maximum, indicating the highest mitochondrial/metabolic activity (0.86 ± 0.06). Roots exposed to food colorants and the positive control were unable to reduce TTC to insoluble red-colored TF, indicating decreased activity of the mitochondrial respiratory chain. Food colorants induced severe mitochondrial dysfunction in the present study, indicating the possible role of food colorants in metabolic inactivation. 
Discussion
Numerous and diverse food additives, such as colorants, preservatives, sweeteners, and antioxidants, are consumed by humans in their typical daily diet. One approach for their safety is to assess the toxicity of such additives using A. cepa test material. The Allium model has long been acknowledged to possess the ability to interact with mutagenic agents during its cell cycle; as a result the test has often been used to determine the cytotoxic and genotoxic effects of harmful chemicals (Fiskesjo, 1997; Nithyameenakshi et al., 2006) . The root growth assay using A. cepa indicated that there was concentration-dependent inhibition in root growth and root number, emphasizing its toxicity and corroborating earlier reports on the cytotoxic effects of some chemicals and extracts on after all the analyses root tips (Olorunfemi and Ogunsanwo, 2011; Sreeranjini and Siril, 2011; Timothy et al., 2014; . Numerous studies have shown that whenever there is root growth and root number inhibition (macroscopic parameter) in the Allium test, there is always a reduction in the number of dividing cells or mitotic index (microscopic parameter) (Olorunfemi et al., 2011a (Olorunfemi et al., , 2011b (Olorunfemi et al., , 2011c . Such a linear relationship between macroscopic and microscopic parameters was also observed in the present study. Inhibition of root growth at high dose of chromium treatment in A. cepa was observed by Patnaik et al. (2013) . According to their observation, such root growth inhibition was correlated with the dosedependent increase in generation of reactive oxygen species, cell death, lipid peroxidation, repression of antioxidative enzymes, induction of DNA damage, chromosome aberrations, or micronuclei in root cells. Hence significant mitotic inhibition, DNA damage, and cell death observed The inhibition in cell division reflects the mitodepressive potential of the tested food colorants. Reduction in mitotic activity is accompanied by decreased amounts of DNA, which could be due to inhibition of DNA synthesis or blocking in the G2 phase of the cell cycle, preventing the cell from entering mitosis (Turkoglu, 2009 ). In the light of this observation, both dye solutions can be considered toxic. These results bear a resemblance to those obtained by Gomes et al. (2013) , who reported that the mitotic index of A. cepa root tips was successively decreased with the increase in dye (sunset yellow, bordeaux red, and tartrazine yellow) concentrations and duration of treatments. The carmoisineinduced mitodepressive effects in A. cepa were also reported by Mahfoz et al. (2010) . The mitodepressive effects of carmoisine may be attributed to its inhibitory effect on the onset of mitosis, by lengthening the mitotic cycle and/or delaying spindle formation (Polit et al., 2003) . Mahfoz et al. (2010) suggested that carmoisine inhibits DNA replication by reducing oxidative phosphorylation, which results in lower ATP levels. The significant decline in mitotic index noted in the present study may be due to the interference by the colorants in the cell cycle by inhibiting DNA synthesis or blocking in the G2 phase of the cell cycle or due to the increase in the incidence of chromosomal aberrations with corresponding increase in the concentration of the colorants.
Chromosomal aberrations are either numerical or structural, the latter resulting from a break or exchange of chromosomal material (Khanna and Sharma, 2013; Timothy et al., 2014) . The chromosomal aberrations noted in this study were mainly stickiness of chromosomes, chromosome bridges, formation of micronuclei, chromosome fragmentation, chromosome laggards, ring chromosomes, and giant cells. Stickiness resulted from increased chromosomal contraction and condensation or might be from the depolymerization of DNA and partial dissolution of nucleoproteins. Chromosome stickiness reflects toxic effects, usually of an irreversible type and probably leading to cell death (Turkoglu, 2007; Khanna and Sharma, 2013) . This study observed ana/telophase bridges that result most possibly from sticky chromosomes, as well as impaired chromosome segregation, which may indicate mitotic spindle disturbances. Bridges probably occur by the interruption and joining of chromosomes or chromatids (Turkoglu, 2007) , as a result of chromosome stickiness or due to unequal translocation and cause structural chromosome mutation. This type of anomaly was also observed in the mitosis of Vicia faba and A. cepa after treatments with food additives (Gomurgen, 2005; Turkoglu, 2007) . Micronuclei can be spontaneously originated due to the development of an isolated chromosome that results from an unequal distribution of genetic material or it can be formed as a result of acentric fragments or entire chromosomes not incorporated into the main nucleus during the cell cycle. Therefore, any substance that is able to promote micronuclei formation is said to be clastogenic or aneugenic (Meng and Zhang, 1992) . Lagging chromosomes resulted due to failure of the chromosomes to become attached to the spindle fiber and to move to either of the two poles (Albertini et al., 2000) . Turkoglu (2007) reported the induction of lagging chromosomal aberration, also called laggard/s following treatment with food additives. Ring chromosomes are the result of loss of chromosomes from the telomeric side (Khanna and Sharma, 2013) . The fragments resulting from chromosomal and chromatid break indicate its mutagenic events in the cell. An earlier study had reported the induction of giant cells with different chromosomal aberrations by food colorants. Tartrazine was reported to induce DNA damage in the liver and kidney in mice (Hassan, 2010) . The toxic effects of tartrazine on the condensation of chromosome in mitosis and its DNA binding ability were reported by Mpountoukas et al. (2010) . Tartrazine was also reported to induce chromosomal aberrations in A. cepa (Roychoudhury and Giri, 1989) . A study of tartrazine in Wistar rats indicated its histological and hematological toxicity (Himri et al., 2011) . Tartrazine is transformed into aromatic amine sulfanilic acid after being metabolized by the gastrointestinal microflora (Moutinho et al., 2007) . The formed aromatic amines can generate reactive oxygen species as part of their metabolism by interaction of these amino groups with nitrite-or nitrate-containing foods or in the stomach. The reactive oxygen species could be produced in the metabolism of nitrosamines and increase oxidative stress (Bansal, 2005) . Abdelmigid (2009) studied different types of DNA damage induced by the activity of various synthetic food colorants including tartrazine, carmoisine, and sunset yellow, and they were detected by changes in RAPD profile. The study by Amin et al. (2010) concluded that tartrazine and carmoisine affect adversely and alter biochemical markers in vital organs such as the liver and kidney even at lower doses. Hence they have been reported as renowned mutagenic and clastogenic agents. Previous studies suggested food color as one of the best known chemical mutagens as it reacts with biomolecules including DNA and damages their structure and biological activity (Tsuda et al., 2001; Das and Mukherjee, 2004) , leading to genetic alterations in DNA molecules. According to Rus et al. (2010) , tartrazine and carmoisine were found to have hepatotoxic and nephrotoxic action, causing congestion, stasis, and edema in the liver and kidney, hepatocyte and kidney apoptosis, and atrophy of some renal corpuscles. The carmoisine-induced chromosomal as well as spindle aberration and other cellular-nuclear abnormalities on root meristems of Allium cepa and Hippeastrum reginae were also analyzed by Abraham et al. (2007) , indicating its genotoxicity.
The Evans blue staining assay revealed severe membrane damage in the root cells of A. cepa treated with both food colorants. Evans blue dye was used as a marker of membrane integrity and cell death. Living cells have the ability to exclude the dye at the plasma membrane, while cells with a damaged membrane are unable to exclude the dye and are stained blue (Vargas et al., 2006) . The roots exposed to both colorants showed higher uptake of the dye compared to negative control roots, of which orange red was observed to be more toxic compared to lemon yellow. In the TTC assay, a significant decrease in mitochondrial activity was observed in a concentration-dependent manner because the roots exposed to both colorants were unable to reduce TTC to insoluble red colored TF, indicating decreased activity of the mitochondrial respiratory chain (Vargas et al., 2006) . These results point out the adverse role of these food colorants in the metabolism and cell viability, indicating its toxicity when used arbitrarily. Tartrazine-induced nephrocite apoptosis and membrane damage in red blood cells was observed in Wistar rats by Himri et al. (2011) .
Chromosomal effects are sensitive markers to detect chemical toxicity in higher organisms including humans. The observations indicate that the synthetic food colorants lemon yellow and orange red can induce a wide range of adverse reactions in sensitive individuals. The significant cyto-genotoxicity, mitotic inhibition, root growth inhibition, membrane damage, and metabolic inactivation observed in this study were evidently caused by the chemical constituents present in the dye solutions, since no abnormality was observed in the negative control. Accordingly, much more care should be taken in using these colorants because regular use may lead to toxicological hazards. Moreover, consumption of colored food items should also be controlled by making the public aware of the hazardous effects of synthetic food colors. There is a need for further genotoxicological and risk assessment investigations on other eukaryotic test systems for the benefit of human welfare.
